Purpose: Clinicopathologic characteristics of patients with both thyroid and breast cancer during their lifetime were analyzed to investigate the association between the two malignancies according to the order of incidence. Methods: A total of 405 patients who underwent surgery for breast and thyroid cancer at Severance Hospital between 1995 and 2014 were retrospectively selected and classified into 3 groups according to the order of incidence of the two cancers: simultaneous cancer (S), thyroid cancer followed by breast cancer (TB), and breast cancer followed by thyroid cancer (BT). Univariate analysis was conducted to compare parameters. Results: S, TB, and BT groups were 166 (41.0%), 96 (23.7%), and 143 (35.3%) patients, respectively. In TB and BT groups, tumor size and surgical site for secondary cancer were smaller; therefore, adjuvant treatments were less frequently required for secondary cancer. ER positive rate was 77.1% in S, 75% in TB, and 63.7% in BT groups (P=0.027). The ratio of ER negative was higher in the group with BRAF mutation. Survival rate for index tumor was higher in order from TB, and BT, followed by S groups without statistical difference. Conclusion: It is difficult to find a significant difference according to the order of occurrence except by screening test, and more studies are needed in the future. Establishing an appropriate screening program is important in order to detect secondary breast or thyroid cancer after surgery for thyroid or breast cancer.
INTRODUCTION
Breast and thyroid cancer occur at high rates among women. In 2014, 24,632 and 18,304 Korean women developed thyroid and breast cancer, respectively, and the incidence of thyroid and breast cancer were 97 and 72.1 cases per 100,000 persons, or the highest and the second highest incidence of cancer in Korea, respectively [1] .
The association between breast and thyroid cancer has been debated for some time. Since Chalstrey and Benjamin [2] reported a high incidence of breast cancer as a secondary cancer among patients treated for thyroid cancer, additional studies have reported a relatively high incidence of secondary breast cancer compared to other secondary cancers, as well as an association between thyroid cancer and breast cancer [2, 3] . Studies have also reported a high incidence of secondary thyroid cancer among patients treated for breast cancer [4] [5] [6] . Factors that have been suggested to contribute to this association include genetic factors shared between the two cancer types [5, 7, 8] , environmental factors [9] , hormonal influences [2, [10] [11] [12] [13] , the influence of thyroid disorders (autoimmune disease) on the incidence of breast cancer [14] , the effect of radioactive iodine therapy following thyroid cancer surgery on the etiology of breast cancer [15, 16] , and the effect of radiation therapy after breast cancer surgery on the etiology of thyroid cancer [5, 17, 18] .
However, a study has recently reported that radioactive iodine therapy after thyroid cancer surgery does not influence the incidence of breast cancer [19] , while another reported that based on the differences in the incidence of thyroid and breast cancer as secondary cancers, the physiological characteristics of each type of cancer and treatment-related factors contribute to the incidence of secondary cancers more significantly than the mutual risk factors for thyroid and breast cancer, including genetic factors [20] . Therefore, the association between thyroid and breast cancer, as well as their characteristics, are still not clear [21, 22] .
It is important to invesigate the correlation between the types of cancer and their characteristics. The present study aimed to investigate the clinical and pathological characteristics of breast and thyroid cancer in patients who developed both types of cancer, and compare differences in the characteristics, outcomes, and causes of the two cancer types between two patient groups that differed by the order in which they developed each cancer.
METHODS
In the present study, the medical records of patients who were diagnosed with thyroid and breast cancer as primary cancers and underwent both thyroidectomy and breast surgery at the Department of Surgery of the Severance Hospital of Yonsei University College of Medicine were retrospectively analyzed. Patients who were diagnosed with distant metastasis or bilateral breast cancer, or who received treatment in a different hospital, were excluded.
The number of surgeries performed for breast cancer at the Department of Surgery of the Severance Hospital in the last 20 years was approximately 10,000, and that for thyroid cancer was around 23,000. Among all patients treated, 405 patients were included in this study. The patients' age, sex, pathological type of thyroid and breast cancer, cancer stage, surgery type and site, and postoperative adjuvant therapy were investigated. In addition, histological grade, estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) status were investigated in association with breast cancer. Extracapsular extension, multifocality, the BRAF V600E mutation, and histological thyroiditis were investigated in association with thyroid cancer.
The patients were assigned to three different groups depending on the order of surgery they underwent for each cancer: the TB group for patients who underwent thyroidectomy then mastectomy, the S group for patients who underwent thyroidectomy and mastectomy at the same time, and the BT group for patients who underwent mastectomy followed by thyroidectomy. Characteristics of breast and thyroid cancer were compared among the three groups. Patients whose surgeries for both cancers were timed less than 6 months apart from each other were included in the S group, and the remaining patients were placed in the TB or BT group. SPSS ver. 23.0 (IBM Inc., Armonk, NY, USA) was used for statistical analysis. A chi-square test was used to analyze the nominal variables in each group, and a one-way ANOVA or independent t-test was used to analyze the continuous variables. For multivariate analysis, the Bonferroni method was used. The Kaplan-Meier method was used for the survival analysis, and the log-rank test was used to compare variables. The nominal variables were expressed as proportions, and the continuous variables were expressed as mean and standard deviation. The level of statistical significance was set at P < 0.05.
The present study was approved by the Institutional Review Board of the Severance Hospital (IRB no., 4-2016-1018).
RESULTS
The mean age of the patients at the time of being diagnosed with breast cancer was 50.9 ± 9.5 years, and ductal carcinomas were the most common pathological type of breast cancer, accounting for 363 cases (89.6%). T1 and N0 were the most common stages of breast cancer accounting for 237 cases (58.5%) and 286 cases (70.6%), respectively. In the TNM classification, stage 1 was the most common, accounting for 177 cases (43.7%). In regards to histological grades, 97 patients had grade I (24.0%), 168 (41.5%) had grade II, and 61 (15.1%) had grade III breast cancer. By receptor status, 70.6%, 55.3%, and 18.8% of all patients were ER, PR, and HER2 positive, respectively, and 70.4% of all patients underwent antihormonal therapy. Around half (45.7%) of all patients underwent breast-conserving surgery, and 56.5% underwent radiation therapy after surgery ( Table 1) .
The mean age of the patients at the time of being diagnosed with thyroid cancer was 51.4 ± 9.7 years, and 201 patients (49.6%) were found to have other accompanying diseases such as thyroiditis on histological examination performed after thyroidectomy. Papillary carcinoma was the most common histological type, accounting for 399 cases (98.5%), and TNM stage 1 was the most common stage, accounting for 233 cases (55.1%). There were 204 cases of extracapsular extension (50.4%). Of the total 405 patents, 61 patients were tested for the BRAF V600E mutation in their thyroid cancer, and of these, 45 (73.8%) had the BRAF V600E mutation. A total of 161 patients (39.7%) underwent radioactive iodine therapy after thyroidectomy ( Table 2) .
The patients were divided into three groups according to the order of surgeries they underwent after being diagnosed with breast and thyroid cancer to analyze the characteristics of both cancer Patients undergoing bilateral total thyroidectomy. n = 206. Values are presented as mean ± standard deviation or number (%). TB, thyroid cancer followed by breast cancer; S, simultaneous cancer; BT, breast cancer followed by thyroid cancer; is, in situ; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; BCS, breast conserving surgery; TM, total mastectomy.
types.
In regards to the characteristics of breast cancer, the breast tumors were significantly smaller, the extent of lymphatic invasion was significantly less, and the TNM was significantly lower in the TB group. Breast-conserving surgery was the most common type of surgery performed in the TB group, and the rate of postoperative radiation therapy was also significantly higher. A small proportion of patients in the TB group underwent postoperative chemotherapy. The rate of preoperative chemotherapy was higher in the S group (Table 3) . Values are presented as mean ± standard deviation or number (%). TB, thyroid cancer followed by breast cancer; S, simultaneous cancer; BT, breast cancer followed by thyroid cancer; TNM, tumor node metastasis; RAI, radioactive iodine; BRAF, B-type Raf kinase.
In regards to the characteristics of thyroid cancer, the thyroid tumors were smaller in the BT group; however, no significant difference in the N and TNM stages were found between the BT and the other groups. The rates of extracapsular extension and bilateral total thyroidectomy were significantly lower in the BT group. The BT group also had the highest proportion of patients (69.2%) who did not require radioactive iodine therapy (Table 4) .
A survival analysis of breast cancer, thyroid cancer, and the first cancer to occur (the index tumor) was performed for the TB, S, and BT groups. The mean length of follow-up was 83.9 months, 83.1 months, and 108.6 months, respectively, and no significant difference in survival rates was found among the groups. The relatively short follow-up period for thyroid cancer and breast cancer, which have high survival rates, limited the survival analysis. The S group included patients whose surgeries for thyroid and breast cancer were separated by less than 6 months; this included some of the patients who developed breast cancer first (18 out of 166 patients, 10.8%), and who developed thyroid cancer first (14 out of 166 patients, 8.4%) (Fig. 1) .
DISCUSSION
Thyroid and breast cancer have the highest incidence among all types of cancer in women, and while studies have reported on an apparent association between these two cancers [2] [3] [4] [5] [6] , their correlation and characteristics are still not clear [21, 22] . We analyzed and compared the pathological characteristics and outcomes of breast and thyroid cancer in patients who were treated for both types of cancer at a single institution according to the occurrence order of these cancers using a database of surgeries performed in the last 20 years for thyroid and breast cancer. We found a number of significant differences among the different groups of patients. Fig. 1 . Overall survival curves. Curves are drawn from the diagnosis of (A) first developed any malignancy, (B) breast cancer, and (C) thyroid cancer. S, simultaneous cancer; TB, thyroid cancer followed by breast cancer; BT, breast cancer followed by thyroid cancer. First, the TNM stage of breast cancer decreased in the order of the TB, S, and BT groups (Table 3) , and the rate of mastectomy was found to be BT (69.2%) > S (50.6%) > TB (38.5%) (P < 0.001). These results suggest that the rate of breast-conserving surgery was high among patients who were previously surgically treated for thyroid cancer possibly because breast cancer was detected early through regular medical examinations. The rate of postoperative radiation therapy according to the rate of breast-conserving surgery was the highest in the TB group (65.6%, P < 0.001), and the rate of postoperative chemotherapy was higher in the BT group, in which breast cancers were at relatively high TNM stages (69.2%) (P < 0.001). Therefore, the differences in the characteristics of breast cancer among the TB, S, and BT groups may be attributed to the different timing of discovering breast cancer during follow-up or through early screening.
However, considering the rate of ER positive breast cancer, it is possible that other factors contributed to the differences in the characteristics of breast cancer among the three groups. The rate of ER-positive breast cancer was 75%, 77.1%, and 63.7% in the TB, S, and BT groups, respectively (P = 0.027). While no significant difference in the rate of ER-positive breast cancer was found among the three groups, the higher mean age of the TB and S groups in comparison with the BT group may have translated to the slightly higher rates of ER+ breast cancer in these groups. Since a number of previous studies have suggested a correlation between thyroid cancer and ER expression [23] [24] [25] , research on the effects of ER expression or estrogen on thyroid cancer is necessary. Chiappa et al. [26] previously reported a significantly high rate of ER+ breast cancer among patients with chronic thyroiditis in their study on the correlation between thyroid disorders and breast cancer. In the present study, no significant difference in the rate of thyroiditis was found among the groups. However, only a histological examination was used to assess thyroiditis after thyroid cancer surgery, and thus, our analysis on the correlation between thyroiditis and breast cancer was limited. It is important to investigate the effects of the pathways of thyroid hormones on the incidence of secondary breast cancer.
In regards to the characteristics of thyroid cancer, the rate of thyroid tumors that measured less than 1 cm was the highest at 81.8% in the BT group (TB, 62.5%; S, 71.7%; P = 0.004), and the rate of less than bilateral total thyroidectomy was also the highest at 61.5% in the BT group (TB, 37.5%; S, 45.2%; P = 0.001). In addition, the proportion of patients who did not undergo radioactive iodine therapy after thyroidectomy was the highest at 69.2% in the BT group (TB, 44.8%; S, 61.4%; P = 0.003). Therefore, the size of the thyroid tumor and the extent of surgery were less, and the rate of postoperative adjuvant therapy was lower for the patients who were diagnosed with thyroid cancer after undergoing treatment for breast cancer (Table 4 ). This may be the result of early detection of thyroid cancer during postoperative follow-up and regular medical examinations as was the case in the study by Zhang et al. [27] . On the contrary An et al. [28] reported that patients who were diagnosed with both types of cancer at the same time had the smallest thyroid tumor size. Different follow-up protocols for patients with breast cancer among institutions and different treatment guidelines used among countries may have affected these results, and thus, additional research is necessary.
The BRAF V600E mutation is the most commonly observed genetic change in papillary thyroid carcinomas, and it is an important factor in cell proliferation, differentiation, and apoptosis [29] . While it is known to be associated with not only thyroid cancer, but also malignant melanoma and other types of cancer [8] , its association with breast cancer has not been clear, and thus, we conducted an additional analysis. Among all of the patients, 58 patients who were tested for the BRAF V600E mutation and had ER and HER2 test results were divided into 16 patients who did not have the mutation, and 42 patients who did. The rate of ER+ breast cancer was higher in the group without the BRAF mutation (88% vs. 81%). When the patients were further divided into four groups according to their ER and HER2 results, the rate of luminal breast cancer was slightly lower and the rate of triple negative breast cancer was slightly higher in the group with the BRAF V600E mutation than the group without. However, because BRAF V600E testing was only initiated recently and only thyroid cancer tissues were tested, it is difficult to explain the association between the BRAF V600E mutation and breast cancer based on these results. Therefore, further research is needed to test for BRAF mutations in breast cancer tissue and ER and HER2 expression in thyroid cancer tissue to investigate the association between the BRAF V600E mutation and breast cancer. In a recent study published by Jung et al. [30] , 230 patients with thyroid and breast cancer were screened for the BRAF V600E mutation in breast tissue, and an association was found between the BRAF mutation and ER+ breast cancer. However, the study reported no association between the BRAF mutation and cancer prognosis, indicating additional research is necessary.
The survival analysis of the first cancer among the two types of cancer (index tumor) showed that the length of the survival period was in the order of TB > BT > S, and the survival period was predicted to be longer for the patient groups in which the two cancers developed at different times (TB or BT) than the group in which they developed simultaneously (S). Differences in outcomes due to different pathogeneses of the two cancers, and the higher likelihood of developing a secondary cancer among long-term survi-vors than short-term survivors due to time-related reasons may explain why the survival period was shorter in the S group. In addition, differences in the outcomes between the two cancers may have contributed to the longer survival rate of the TB group compared to the BT group. Because thyroid cancer generally has a better prognosis than breast cancer, breast cancer may have affected the prognoses of both the BT and TB groups more significantly than did thyroid cancer. Breast cancers showed the smaller breast tumor size, less lymphnode invasion, and the lower TNM stage in the BT than the TB group, thus prognoses was better in the BT than the TB group. No significant differences were found between the survival curves of breast and thyroid cancer. However, as the survival analysis was limited due to the small sample size and the relatively short follow-up period, additional investigation is necessary.
The present study has a number of limitations. First, it is a retrospective study, and as a result, there were some missing clinical data. Moreover, this study may have been affected by selection bias because the data were collected from a single institution only. In addition, the relatively short follow-up period for thyroid cancer and breast cancer, which have high survival rates, limited the survival analysis. Lastly, a multivariate survival analysis in which the data were adjusted for cancer stage was not performed, and the 30,000 patients who underwent treatment for breast cancer or thyroid cancer only were not analyzed. After a longer period of follow-up, there will eventually be patients who develop secondary cancers, and thus, long-term follow-up is necessary. We minimized omission bias by thoroughly reviewing medical records, and the results of our study will be useful to guide future research.
This study divided the patients with breast cancer and thyroid cancer, which are the most common cancers among women, into three groups according to those cancers' occurrence order and compared the characteristics of the two cancer types. The rate of early detection of secondary cancer was significantly high for both patients who developed secondary breast cancer following thyroid cancer and patients who developed breast cancer followed by secondary thyroid cancer, highlighting the importance of postoperative follow-up and regular medical examinations. However, the significant differences in the rate of ER+ breast cancer and the different proportions of patients who underwent preoperative chemotherapy among the groups suggests the need for additional investigation into the pathological mechanism of secondary breast and thyroid cancer associated with primary breast and thyroid cancer. Although interpretation of the results of this study may be limited due to the small sample size used, the differences in the length of survival between the TB and BT groups suggests that thyroid cancer and breast cancer develop via different mechanisms and result in different outcomes depending on the order in which they develop. Analysis of the characteristics of patients who experienced both thyroid cancer and breast cancer may contribute to the development of cancer patient screening and follow-up programs and the establishment of guidelines for national cancer policies.
